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SOUTH DAKOTA FERTILIZER EXPERIMENTS

L. ?. Puhr, F. E. Shubeck, B. L. Brage, W. E. Lamke
P. L. Carson, R, Dodge and L. Wilding

The fertilizer experiments reported in this summary were performed on repre

sentative soil types in the major crop areas of the state.
The objectives of these experiments were:

1.

Determine optimum fertilizer rates and ratios.

2. Compare the effect on yield of fall application to spring application.

3. Evaluate 2 methods of application on the yield of small grains.

ppraise the Influence of soil types and previous management on ferti
lizer response.

5. Ascertain the residual effects of commercial fertilizer.
6. Investigate the influence of fertilizer on decomposition of crop
residues.

The growing season in 1956 was characterized by the occurrence of drouth in
tne spring and early summer. The drouth associated with high temperatures, in

early June seriously reduced small grain yields. The above normal rainfall in

e early part of August was very favorable for the development of the corn crop,
he southeast corner of the state did not receive these rains and the drouth

continued through the summer.

fertilizer is an important factor for increasing the yields of
crops but frequently other factors limit the effectiveness of its use. Some of
prevalent limiting factors are: adverse climatic conditions, unadapted
varieties, prevalence of plant diseases, and improper cultural practices. The
type of soil and past management practices - especially those related to fertility
maintenance - also have a pronounced effect on fertilizer responses.

tho
the experiments presented in this report deals mainly with
rr^r^
fertilizer application and is intended to serve as a guide for
Tall
1 andj may not commercial
The yields
reported
are for over
one
y ar ^only,
reflect thefertilizers.
average response
which will
be obtained
a period of years.

Indicated, the nitrogen was applied in the form of anmonium

nitrate, phosphorus as treble super phosphate and potassium as muriate of potash.

FERTILIZER EXPERIMENTS ON SMALL GRAIN

Table I.

Effect of Fertilizer on Yield of Oats in Hinnehaha County

Treatment

Poinsett

Lamoure

Founds per Acre

s i l t loam

silty clay loam
bu/acre

K^O

N

bu/acre

0

0

0

25.6

44.7

40
0
20
40
60
40
40
40

0
40
40
40
40
20
60
40

0

0

0

26.0
31.9
35.5
35.8
29.9
29.7
36,7
33.3
23.3

48.6
41.7
56.1
53.9
47.7
45.3
51.5
50.0
46.1

7.0

8.0

L.S.D.

0
0

0
0
0
0

40
40

at 57o con-

fidence level

Egeland
sandy loam
bu/acre

42.3
37.4
45.2
42.6
42.0
40.5
36.2
36.3
37.6
38.2

Moody-Crofton
s i l t loam

bu/acre

26.4

18.9
21.9
21.1
23.4
21.8
21.1
29.6
21.9
16.7

not

not

significant

significant

Objectivea of experiments

1.

To determine the effect of various rates and combinations of nitrogen
phosphorus and potash on the yield of oats on representative soil types.

Description of soils and location

1.

Minnehaha County

(a) Poinsett silt loam - a well drained upland soil on gently rolling
topography developed from glacial drift.

(b) Lamoure silty clay loam - a somewhat poorly drained soil, developed
from fine textured alluvium on the Sioux River bottom.

(c) Egeland sandy loam - a well drained upland soil developed in wind
laid sandy materials.

(d) Moody Crofton silt loam - developed in wind laid silts on a 14%
slope.

This soil has been severely eroded.

Cropping history and past management

All locations were continuously cropped to row crop and small grains with
limited use of fertility Improving practices.
Discussion and interpretation of results

With these experiments the yield increases due to fertilizer treatments were

limited because of the spring drouth and high temperatures in June.

Table 2.

Effect of Time of Fertilizer Application on Yield of Oats
In Eastern South Dakota - 1956

Hand County*

Treatment

Founds per acre

Houdek silt loam
Fall

Application

L.S.D. at 57. level

Spring
Application

Brookings County*
Heela loamy sand
Spring

Fall

Application

Application

12.7

15.4

30.1

31.7

11.2
15.2
14.2
13.7

17.2
12.0
17.3
16.1

33.0
36.4

41.2
41.8

33.2
36.6
37.9
33.1

N.S.

N.S.

8.6

*Nitrogen was applied in the form of urea.
Objectives of experiments

1. Compare effects of fall fertilizer application to spring application
in eastern South Dakota.

2.

Compare yield results from different fertilizer rates and ratios on
representative soil types.

Description of soils and location

1.

Hand County

(a) Houdek silt loam - a well drained upland soil developed on elacial

till of Mankato Age.

2.

f

»

Brookings County

(a) Hecla - a somewhat excessively drained soil developed in sandy
materials.

Cropping history and past management

The cropping history on the above location was small grains and corn with
very limited use of legumes, manure or commercial fertilizer.
Discussion and interpretation of results

On the Houdek soil there was no significant increase or decrease in yield
due to fertilizer treatment. The yields were restricted by adverse climatic
conditions.

On the Hecla soil the fertilizer treatments gave a small increase in
yield.

Table 3.

Effect of Time of Fertilizer Application on Yield of Oats in
Western South Dakota - 1956

Corson County

Treatment

Pounds per acre
N

0

20
40

80
0
40

P«Oc

KoO

0
0

0

0
0
40
40

0
0
0

0

Vebar loam

Fall
Application

Spring
Application

3.0
4.3
5.1
3.6
3.1
2.1

0

L.S.D. at 5% level

Stanley County
Lismas Clay

Fall
Application

Spring
Application

2.7
3.7
5.7
2.8
3.5
3.5

N.S.

Oblectives of experiments

1. Compare effects of fall fertilizer application to spring application
in western South Dakota.

2,

Compare yield results from different fertilizer rates and ratios on
representative soil t3rpes.

Description of soils and location

1.

Corson County

(a) Vebar loam - a medium textured upland soil formed from sandstone
on undulating topography.

2.

Stanley County

(a) Lismas Clay - a shallow clay soil overlying clay shale occurring
on strongly rolling topography.

Cropping history and past management

In Stanley County the oats followed a row crop - sorghum. In Corson County
the oats followed small grain.

No commercial fertilizer or legumes and very little manure had been used.
Discussion and interpretation of results

This was essentially a crop failure due to the severe June drouth.

was no effect on yield from fertilizer treatments or time of application.

There

Table 4.

Effect of Time of Fertilizer Application on Yield of Oats in South
Central South Dakota - 1956

0
20
40
60
0
40

PC
2 5

0

0
0
0
40
40

K 0
2

Fall

Application

0

8.0

0
0
0
0
0

8.4
8.6
7.0
10.2
6.4

L.S.D. at 57. level

Bonestei^l loam

Carlock silt loam

Pounds per acre
N

Gregory County

Gregory County

Treatment

Spring

Application

N.S.

Fall

Application

6.4
8.4
7.6

1.2
1.1
1.1
.9
1.7
1.2

N.S.

N.S.

9.1
8.7
7.9

Spring

Application

N.S.

Objectives of experiments

1. Compare effects of fall fertilizer application to spring application
in South Central South Dakota.

2. Compare yield results from different fertilizer rates and ratios on
representative soil types.
Description of soils and location

1.

Gregory County

(a) Carlock silt loam - wind blown loess overlying sandstone occurring
on rolling topography.

(b) Bonesteel loam - loam textured surface soil overlying sandstone
occurring on rolling topography.
Cropping history and past management

On both locations the oat crop followed corn.

Very few soil improving

practices had been used.
Discussion and interpretation of results

Due to the extreme drouth there was no effect on yield due to the
application of fertilizer.

Table 5.

Effect of Time of Fertilizer Application on Yield of Spring Wheat
in South Dakota •

P

Corson County

Brookings County

Treatment

Pounds per acre
N

1936

0

K 0

2 5

2

L.S.D. at 5% level

Vienna loam

Fall*
Application

Spring*
Application

N.S.

N.S.

Regent silt loam
Fall**
Spring**
Application
Application

N.S.

N.S.

* Nitrogen was applied in the form of urea
**Nitrogen was applied in the form of ammonium nitrate
Objectives of experiments

1.

Compare effects of fall fertilizer application to spring application
in Eastern South Dakota.

2.

Compare yield results from different fertilizer rates and ratios on
representative soil types.

Description of soils and location

1.

Brookings County
(a) Vienna loam - a well drained upland soil developed from glacial
till.

2.

Corson County
(a) Regent silt loam - a well drained upland soil developed in Clay
loam shale.

Cropping history and past management

Limited use was made of soil improving practices.
Discussion and interpretation of results.

On the Vienna loam there appeared to be some increase in yield due to
fertilizer treatment, but the differences in yield were not large enough to be
statistically significant at the 5Vo confidence level. In previous years, crops
on this soil have responded to fertilizer treatment.

On the Regent soil in Corson County, there was little effect on yield due
to fertilizer treatment largely due to adverse climatic conditions.

Influence of Straw and Nitrogen Fertilizer on the Yield of Spring
Wheat -

1956

Pounds of N applied per acre in the form of urea
100.0

Objectives of experiment

1.

How much nitrogen should be applied to prevent nitrogen "tie up" when
various amounts of straw are plowed under.

Description of soil and location

1.

Brookings County

(a) Vienna loam - a well drained upland soil developed from glacial
drift.

Cropping history and past management

Very limited use was made of soil improving practices.
Discussion and interpretation of results

Baled straw was used and the proper amount for each plot was weighed up on
a platform scale. It was then spread by hand over each plot and plowed under
with a mounted two bottom moldboard plow. A disc plow was tried but it did not
work as well as the moldboard plow on the plots receiving the heavier rates of
straw. The straw was covered surprisingly well-even where 10 tons per acre was
applied by setting the plow deep (8 or 9 inches) and traveling at a fast rate.
The most troublesome stoppages were due to the straw bunching up in front of

the coulter and the beam. This problem was partially solved by using an extra
large scalloped coulter.

Adequate phosphorus was applied to all plots.

Large amounts of straw depressed yield when no nitrogen fertilizer was
added.

Where large amounts of straw were plowed under, as little as 25 pounds of
nitrogen was able to significantly increase the yield of wheat.

Table 7. Effect of Time of Fertilizer Application on Yield of Winter
Wheat In South Central South Dakota - 1956
Treatment

Pounds per acre

N

P2O3

40

40

K^O

Tripp County
Boyd silty clay loam
Fall
Spring
Application
Application

L.S.D. at 57. level.

N.S.

Lyman County
Promise Clay

Fall
Application

N.S.

N.S.

Spring
Application

N.S.

Cbjectlves of experiments

1. Compare effects of fall fertilizer application to spring application
in West Central South Dakota.

2. Compare yield results from different fertilizer rates and ratios on
representative soil types.
Description of soils and location

1.

Tripp County

(a) Boyd silty clay loam - a silty clay loam surface overlying clay
shale occurring on undulating topography.

2.

Lyman County

(a) Promise clay - wind deposited clay sediments over clay shale on
slightly rolling topography.

Cropping history and past management

The winter wheat in both locations was drilled into wheat stubble.
Very few soil improving practices had been used.
Discussion and interpretation of results

Due to the drouth, the effect from fertilizer was negligible.

Table 8,

Effect of Method of Fertilizer Application and Source of Nitrogen
on Yield of Winter Wheat in Gregory County - 1956

Fertilizer broadcast

Treatment

Pounds per acre
N

40

K^O

Nitrogen from
Ammonium Nitrate

Nitrogen from
Urea

Fertilizer drilled with seed

Nitrogen from
Ammonium Nitrate

Nitrogen
from Urea

40

L.S.D. at 57, level.
3.8
3.4
The biuret content in the urea was 12.57,.

Table 9.

Effect of Method of Fertilizer Application and Source of Nitrogen
on Yield of Winter VJheat in Tripp County - 1956

Fertilizer broadcast

Treatment

Pounds per acre

N

P 0,
2 5

40

KG
2

Nitrogen from
Ammonium Nitrate

Nitrogen from
Urea

40

L.S.D. at 57. level.
N.S.
N.S.
The biuret content in the urea was 12.57..

Fertilizer applied with seed

Nitrogen from
Ammonium Nitrate

Nitrogen
from Urea

Table 10.

Effect of Method of Fertilizer Application and Source of Nitrogen
on Yield of Winter Wheat in Stanley County - 1956

Treatment

Pounds per acre
N

PC

2 3

KG

Fertilizer broadcast
Nitrogen from
Nitrogen from
Ammonium Nitrate

Urea

Fertilizer drilled
Nitrogen from
Nitrogen
Anrtnonium Nitrate

from Urea

2

L.S.D. at 5% level.
N.S.
Biuret content of urea vae 12.5%.

Table 11.

Effect of Method of Fertilizer Application and Source of Nitrogen
on Yield of Winter Wheat in Lyman County - 1956

Treatment

Pounds per acre
N

P.O.

K.O

Fertilizer broadcast
Nitrogen from
Nitrogen from
Ammonium Nitrate

L.S.D. at 5% level.
Biuret content in urea was 12.5%.

Urea

Fertilizer drilled

Nitrogen from
Ammonium Nitrate

Nitrogen
from Urea

Objectives of experiments given In Tables 8, 9, 10 and 11.

1.
2.

Determine optimum rate and ratio of fertilizer application.
Compare fertilizer applied by broadcasting to fertilizer drilled with

3.

Compare the effect of two different nitrogen carriers on stand and

4.

yield of winter wheat.
Determine the need for nitrogen on winter wheat following summer

the seed.

fallow.

Description and location of soils in Tables 8» 9, 10, and 11.
1.

Gregory County

(a) Boyd silty clay - silty clay surface overlying clay shale.
2.

Tripp County

(a) Boyd silty clay loam - silty clay surface overlying clay shale.
3.

Stanley County

(a) Promise Clay - wind deposited clay sediments over clay shale.
4.

Lyman County

(a) Promise clay - wind deposited clay sediments over clay shale.
Cropping history and past management for soils in Tables 8. 9. 10 and 11.

In Gregory, Tripp and Stanley counties the wheat followed summer fallow.
In Lyman County the preceding crop was wheat.
Except for the plot in Gregory County where some sweet clover had been
grown, very limited use had been made of fertility improving practices.
Discussion and interpretation of results for Tables 8. 9. 10 and 11.

There was no need for additional nitrogen for winter wheat following
summer fallow.

When urea fertilizer was drilled with the seed, there was a depression in
yield due primarily to stand reduction. The 12.5% biuret in the urea was
probably responsible for the reduction in stand.
Where urea fertilizer was broadcast, the reduction in wheat stand was

usually not as severe as in the plots where urea was drilled with the seed.
Ammonium nitrate broadcaster drilled in with the seed did not cause a

decrease in yield at the highest rate of application (80 lb. per acre) in
Tripp, Stanley or Lyman Counties. Both ammonium nitrate broadcast and urea
broadcast in Gregory County apparently caused a slight decrease in yield when
compared to the 0-0-0 treatment. The experiment on this field was preceded
by sweet clover summer fallow.

Table 12. Effect of Time of Fertilizer Application on Yield of Barley in
Eastern South Dakota -

1956

Brookings County*
Treatment

Pounds per acre
N

P 0
2 5

20
40
60

K 0
2

Fall

Application

40
40
40

L.S.O. at 5% level

loam
Spring
Application

Deuel County*
Kranzburg silt loam

Kranzburg silt

Fall
Application

Spring
Application

20.7
21.4
29.1
32.0
41.0

30.3
34.0
33.2

43.4

22.3
23.9
34.5
39.7
46.7

6.7

6.7

7,9

7,9

19.9
21.8

19.2
25.1
30.0

37.0

to compare fertilizer
treatments

*Source of nitrogen was urea.
Ob1actives of experiments

1. Compare effects of fall fertilizer application to spring application
in eastern South Dakota.

2.

Compare yield results from different fertilizer rates and ratios on
representative soil types.

Description of soils and location

1.

Brookings and Deuel Counties

(a) Kranzburg silt loam - well drained upland soil developed from
wind laid silts overlying glacial till.

Cropping history and past management

The cropping history on the Brookings County site was corn and small

grain with the application of manure approximately once every three years in
the rotation.

The cropping history on the Deuel County site was largely continuously
small grain with no manure or legumes.
Discussion and interpretation of results

Fertilizer treatments gave highly significant barley yield increases on
both locations.

The time of application (fall or spring) had little or no influence on
yield.

The amount and distribution of rainfall was near normal in these two areas.

RESIDUAL EFFECT OF FERTILIZER ON BARLEY AND OATS

Table 13.

Residual Effect of Nitrogen Fertilizer on Parley in Erookings
County - 1956

Treatment

N
0

40
60
80

P2O5
60
60
60
60

Fertilizer

Fertilizer

Pounds per acre

K2O

Applied in Fall

Applied in Spring

of 1954

of 1955

24.2
33.2
33.0
37.4

0

0
0
0

20.6
33.5

40.5

47.8

L.S.D. at % level to
compare fertilizer treatments

Objectives of experiment

1.

Determine the residual efiect of nitrogen fertilizer on the second
crop after application.

Description of soil and location

1.

Erookings county

(a) Kranzburg silt loam - well drained upland soil developed from
wind laid silts overlying glacial till.
Cropping history and past management

The cropping history was corn and small grain with the application of
manure approximately once every three years in the rotation.
Discussion and interpretation of results

The fertilizer was applied for the preceding corn crop grown in 1955.
Half of the plots received fertilizer in the fall of 1954 and the other half
received the fertilizer in the spring of 1955. The plots were planted to
barley in the spring of 1956 vdth no additional fertilizer used.
There was no appreciable inci-ease in corn yields in 1955 due to ferti

lizer treatment.

This corn ranged in yield from 54 to 60 bushe?s per acre.

There was a highly significant increase in the yield of barley in 1956
due to the residual nitrogen.

Table lA.

Residual Effect of Fertilizer on Oats in Eastern South Dakota

Treatment

Bon Homme Co,

Pounds per acre

Reliance silty

Roberts Gounty
Barnes loam

clay loam

AO
20

AO
AO

60

AO

120

AO

L.S.D. at % level
Objectives of the experinents

1.

Determine the residual effect of fertilizer on the second crop
after application.

Description of soils and location

1.

Bon Homme County

(a) Reliance silty clay loam - a soi] derived from wind blown
material.

2,

Roberts County

(a) Barnes loam - a loam soil derived from glacial till.
Cropping history and past management

The cropping history for both locations was largely a corn, small grain
and sweet clover rotation with limited use of fertility improvement practices,
Discussion and interpretation of results

There was no significant yield responses due to residual fertilizer on
either location.

The yield of the test crop oats measuring the residual effects of ferti
lizer, was interfered with by unfavorable climatic conditions.

This would

account, in part, for the lack of residvial response on these two locations.

Table 15.

Conparative TTficiency of Nitrogen Carriers for Corn in Eastern
South Dakota - 1956

Treatment

Source

Pounds per Acre

N

of

P2O5 K2O

0

0

0

None

0

0

Urea

/.o
AO
AO

0

^0
^0

0

AO
AO
AO

Turner County
Barnes silt loam

Nitrogen

ko

80
80
80
80

Erookings County
Kranzb\irg silt loam

0

Urea
Ammonium nitrate

0

Anhydrous Ammonia

0
0
0

Urea
Urea
Ammonium nitrate

0

Anhydrous Ammonia

•

55.6
5A.6
62,2
62,8
63.1
55.6
67,1

65.3
63.6

3A.7
37,5

AO,2
A2.2

52,6
32,9
30,2
AO.2

38,6

L.S.D. at % level
Objectives of experiments

1.

Determine effect of fertilizer treatment and the efficiency of
various nitrogen carriers on the yield of corn.

Descriptions of soiDs and locations

1,

Brookings County

(a) Kranzburg silt loam - a well drained soil developed from loess
overlying glacial till,
2,

Turner County

(a) Barnes silt loam - a silt loam soil derived from glacial till.
Cropping history and past management

The cropping history on both locations was largely corn and small grains
with limited use of fertility improve lent practices.
Discussion and interpretation of results

In Brookings County, there was a highly significant increase in yield
due to fertilizer treatments. No appreciable yield differences could be
attributed to the different sources of nitrogen.

In Turner County, there were some apparent increases in yield due to
fertilizer treatment, but these increases were small because of the limitations
imposed by drouth.

Table 16•

Fffect of Fertilizer Treatments and Yield of Corn in Union Counts'",
South Dakota - 1956

Treatment

Luton

Pounds per Acre

Clay

N

P2O5

K2O

0

0

0

0
0

59.8

4.0
40
60
CO

20

0
0

0

20
20
20

67.5
52.3
68.6
6A.9

AO

AO

40

60

AO

20
0

0

0
0
0
0
0

AO

L.S.D. at % level

7A.3

66.6
C0.2

68.3
63.3

10.5 bu.

Ob.jectivcs of experiment

1.

Determine optimum fertilizer rates and ratios on this heavy
IdsGouri bottom soil.

Description of soil and location

1•

Union County

(a) Luton clay - hea"vy alluvial clay occurringon Missouri River
bottom.

Cropping history and past management

The cropping history was largely corn and soybeans with a minimtJiii use
of soil fertility improving practices.
Discussion and interpretation of results

There appeared to be a response to some combinations of nitrogen and
phosphorus but there were some inconsistencies as indicated by the high L.S. D.
This may have been due to soil variations which are often present in alluvial
material.

Table 17.

Effect of Time of Fertilizer Application on Corn in Brookings
County - 1956.

Treatment

Pounds per acre

Brookings Silt Loam
Fertilizer* Applied
Fertilizer* Applied
in fall, 1935
in spring, 1956

L.S.D. at 5% level.

*Nitrogen applied in the form of urea,
Oblectives of experiment

1.

Compare effects of fall fertilizer application to spring application
on corn in eastern South Dakota.

Description of soil and location

1.

Brookings County

(a) Brookings silt loam - a moderately well-drained soil developed
in loess overlying glacial till.
Cropping history and past manaeenent

The cropping history was largely corn and small grain with limited use
of soil fertility improvement practices.
Discussion and interpretation of results

There appeared to be some yield increases due to the fertilizer treatments
but these were not significant at the 5% confidence level.
In most of the plots, time of application had very little
yield. On this moderately well drained soil where the natural
high and water relationships are favorable, a plant population
10,500 plants per acre may be necessary to make maximum use of
fertilizer.

effect on
fertility is
greater than
applied

EFFECT OF FERTILIZER ON SOYBEANS

Table 18.

Effect of Fertilizer on Yield of Soybeans in Brookings County - 1936.

Treatment

Pounds per acre

Kranzburg

N

s i l t loam

P.O.

L.S.D. at 5% level.

Objectives of experiment

To determine the effect of various rates and combinations of nitrogen
and phosphorus on the yield of soybeans.
Description of soil and location

1.

Brookings Co.

(a) Kranzburg silt loam - a well drained upland soil developed
from wind blown loess, overlying glacial till.
Cropping history and past management

This field was in alfalfa in 1952 and 1953 followed by flax in 1954 and

1955. Phosphate fertilizer at the rate of 150 pounds of 0-45-0 per acre
was applied in 1952.
Discussion and interpretation of results

There was no appreciable increase in yield of soybeans due to the fertilizer
treatments.

